NATIONAL  BUREAU  OF  STANDARDS  REPORT 

2485 


Evaluation  of  Flooring  Materials 
in  Army  Installations 


By 

Thomas  II.  Boone 
Percy  A.  Sigler 
Hubert  R.  Snoke 


<NBS> 

U.  S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


U.  S.  DEPARTMENT  OF  COMMERCE 

Sinclair  Weeks,  Secretary 


NATIONAL  BUREAU  OF  STANDARDS 
A.  V.  Astin,  Director 

THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standards  is  suggested  in  the  following  listing  of 
the  divisions  and  sections  engaged  in  technical  work.  In  general,  each  section  is  engaged  in  special* 
ized  research,  development,  and  engineering  in  the  field  indicated  by  its  title.  A brief  description 
of  the  activities,  and  of  the  resultant  reports  and  publications,  appears  on  the  inside  of  the  nack 
cover  of  this  report. 

Electricity.  Resistance  Measurements.  Inductance  and  Capacitance.  Electrical  Instruments. 
Magnetic  Measurements.  Applied  Electricity.  Electrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Optical  Instruments.  Photographic 
Technology.  Length.  Gage. 

Heat  and  Power.  Temperature  Measurements.  Thermodynamics.  Cryogenics.  Engines  and 
Lubrication.  Engine  Fuels.  Cryogenic  Engineering. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State 
Physics.  Electron  Physics.  Atomic  Physics.  Neutron  Measurements.  Infrared  Spectroscopy. 
Nuclear  Physics.  Radioactivity.  X-Rays.  Betatron.  Nucleonic  Instrumentation.  Radio- 
logical Equipment.  Atomic  Energy  Commission  Instruments  Branch. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemistry. 
Inorganic  Chemistry.  Electrodeposition.  Gas  Chemistry.  Physical  Chemistry.  Thermo- 
chemistry. Spectrochemistry.  Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Aerodynamics.  Engineering  Mechanics.  Hy- 
draulics. Mass.  Capacity,  Density,  and  Fluid  Meters. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifi- 
cations. Polymer  Structure.  Organic  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion. 

Mineral  Products.  Porcelain  and  Pottery.  Glass.  Refractories.  Enameled  Metals.  Con- 
creting Materials.  Constitution  and  Microstructure.  Chemistry  of  Mineral  Products. 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Heating  and  Air  Condition- 
ing. Floor,  Roof,  and  Wall  Coverings.  Codes  and  Specifications. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Machine 
Development. 

Electronics.  Engineering  Electronics.  Electron  Tubes.  Electronic  Computers.  Electronic 
Instrumentation. 

Radio  Propagation.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular  Propaga- 
tion Services.  Frequency  Utilization  Research.  Tropospheric  Propagation  Research.  High 
Frequency  Standards.  Microwave  Standards. 

Ordnance  Development.  These  three  divisions  are  engaged  in  a broad  program  of  research 

Electromechanical  Ordnance,  and  development  in  advanced  ordnance.  Activities  include 
Ordnance  Electronics.  basic  and  applied  research,  engineering,  pilot  production,  field 

testing,  and  evaluation  of  a wide  variety  of  ordnance  materiel.  Special  skills  and  facilities  of  other 
NBS  divisions  also  contribute  to  this  program.  The  activity  is  sponsored  by  the  Department  of 
Defense. 

Missile  Development.  Missile  research  and  development:  engineering,  dynamics,  intelligence, 
instrumentation,  evaluation.  Combustion  in  jet  engines.  These  activities  are  sponsored  by  the 
Department  of  Defense. 

• Office  of  Basic  Instrumentation 


• Office  of  Weights  and  Measures. 


NATIONAL  BUREAU  OF  STANDARDS  REPORT 

NBS  PROJECT  NBS  REPORT 

1004-30-4726  May  11,  1953  24R5 


Evaluation  of  Flooring  Materials 
in  Army  Installations 

Py 

Thomas  H.  Boone 
Percy  A.  Sigler 
Hubert  B.  Snoke 


Floor, -Poof  and  Wall  Coverings  Section 
Building  Technology  Division 


Sponsored  by 

Fepairs  and  Utilities  Division 
Office  of  the  Chief  of  Engineers 
Department  of  the  Army 


The  publication,  ref 
unleiapermliiion  it 
25.D.C,  Such  peri 
tally  prepared  If  tt. 


Approved  for  public  release  by  the  fl  pa'1,  ’*  Pr#hlblt*d 
Director  of  the  National  Institute  of  ,ndard,|WMhlfl*,on 
Standards  and  Technology  (NIST) 

on  October  9,  2015.  


EVALUATION  OF  FLOCKING  MATERIALS 
IN  ARMY  INSTALLATIONS 

lo  PURPOSE  OF  INVESTIGATION 
20  BACKGROUND 


Page 

1 

1 


3o  METHOD  OF  MAKING  THE  SURVEY  2 

4-o  SCOPE  OF  THE  INVESTIGATION  2 

5o  RESULTS  OF  INSPECTIONS  5 


5ol  Barracks  (Mobilization-Type 9 Excluding 
Latrine  Areas) 

5o2.  Mess  Halls  (Mobilization;  Company  & 

Consolidated  Types) 

503  Hospitals  (Mobilization-Type) 

504  Administration  and  Recreation  Buildings 

50 5 Bakeries 
5=  6 Warehouses 

60  RECOMMENDATIONS 

6.1  Barracks  (Mobilization-Type 9 Excluding 
Latrine  Areas) 

602  Mess  Halls  (Mobilization;  Company  & 

Consolidated  Types) 

603  Administration  and  Recreation  Buildings 

(Including  Offices 9 Day  Rooms 9 and 
Club  Rooms) 

604  Hospitals  (Mobilization-Type) 


7 

11 

13 

14 
l4 


15 


15 

18 


20 

21 


7 o COMMENTS  ON  THE  CARE  OF  FLOCBS  22 

8 o ACKNOWLEDGEMENT  2 5 


TABLES_AND  FIGURES 

TABLE  lo  Wood  Flooring  (25/32  In.  Nominal  Thickness) 
TABLE-  20  Concrete  Floors 

TABLE  3o  Floor  Topping  (1/2  In0  Nominal  Thickness) 
Integral-Hardened  Concrete 


TABLES  AND  FIGURES  (CONTINUED) 


TABLE  ■ 

TABLE 

TABLE 

TABLE 

TABLE 

TABLE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 

FIGURE 


. Magnesium  Oxychloride  (1/2- 5/8  In0  Nominal  Thickness) 
. Asphalt  Tile 

o Linoleum  (Burlap-Backed,  Sheet  Form) 
o Felt-Backed  Floor  Coverings 
o Quarry  Tile 

o Rubber  and  Vinyl  Tiles  (l/8=In0  Nominal  Thickness) 


lo  Typical  mobilization- type  barracks  floor  with 

2 5/3 2“=  in o „ tongued-and- grooved , flat-grained  pine 
having  a 3-1/4  in0  face0 

20  Concrete  floor 9 1-1/2  InQ  thick ? eight  years  old, 
over  typical , original  wood  floor  In  company-type 
kitcheno 

3o  Magnesium  oxychloride  floor,  two  years  old,  over 
concrete  In  kitcheno 

4<>  Magnesium  oxychloride  floor,  one  month  old,  In 
kitchen  of  company-type  mess  hallo 

5o  Magnesium  oxychloride  floor,  one  year  old,  in 
hospital  corridor o 

60  Magnesium  oxychloride  floor,  5/8 -in o thick,  one 
year  old,  laid  over  wood  in  a mobilization-type 
barracks o 

7 o Asphalt  tile,  l/8-in0  thick,  four  years  old,  laid 
over  a strip-pine  floor  with  a 15-lb,  asphalt- 
saturated  felt  underlayment  in  a mobilization-type 
barracks . 

8o  Asphalt  tile,  five  years  old,  laid  over  1/4- In 0 
plywood  adjacent  to  drinking  fountain*, 

9o  Asphalt  tile,  six  years  old,  laid  over  concrete 
on  grade  in  administration  building s 

10 o Linoleum,  inlaid,  sheet  form,  l/8-In„ , fourteen 
years  old,  laid  in  large  administration  building „ 

11 » Linoleum,  burlap-backed,  l/8-in0 , one  year  old,  laid 
over  sanded  wood  floor  and.  felt  underlayment » 


TABLES  AND  FIGURES  (CONTINUED) 


FIGURE 

12  0 

Felt-backed^  pitch  composition  floor  covering ? 
one  year  old  9 laid  over  pine  flooring  in 
mobilization- t y p e barracks  0 

FIGURE 

13  o 

Quarry  tile  floor  with  acid-resistant  mortar 
joints 9 thirteen  years  old9  in  permanent-type 
kit ©hen o 

FIGURE 

Ik  o 

Foot  locker  stands  and  bed  post  blocks  used  to 
protect  resilient-type  coverings  against  severe 
indenting  loads » 

EVALUATION  OF  FLOORING  MATERIALS 
IN  ARMY  INSTALLATIONS 


lo  PURPOSE  OF  INVESTIGATION 
To  evaluate  the  performance  of  flooring  materials  in 
military-type  structures  within  the  continental  United  States 
and  to  secure  data  upon  which  to  base  recommendations  for 
coordinating  and  standardizing  the  repair  and  rehabilitation 
of  floors  in  such  structures  on  an  economical  basis 0 

2„  BACKGROUND 

The  maintenance  and  repair  of  floors  in  Army  buildings 
throughout  the  country  has  become  a difficult  problem0  Many 
of  the  buildings  were  closed  in  19^6  and  reopened  for  active 
service  in  19^9°  In  numerous  cases 9 replacement  of  the  floor 
surface  was  necessary  if  the  buildings  were  to  be  kept  in  a 
sanitary  and  livable  condition,. 

The  various  Armies  have  proposed  an.d9  in  some  cases , 
usedc,  radically  different  methods  for  covering  these  floors , 
involving  a wide  range  of  materials  and  costs „ Since  very 
large  floor  areas  were  involved,  if  seemed  desirable  that  an 
impartial  survey  be  made  of  the  conditions  of  the  floors  in 
need  of  repair , and  of  coverings  now  in  use3  in  order  to 
insure  satisfactory  and  economical  service  from  all  recondi- 
tioned floor So 
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The  Repairs  and  Utilities  Division,  Office  of  the  Chief 
of  Engineers,  Department  of  the  Army,  requested  the  Building 
Technology  Division,  National  Bureau  of  Standards,  Department 
of  Commerce,  to  conduct  such  a survey  and  submit  appropriate 
recommendations • 

3.  METHOD  OF  MAKING  THE  SURVEY 

The  Office  of  the  Chief  of  Engineers  arranged  for  all 
inspections  in  the  various  Armies,  The  representative  or 
representatives  of  the  National  Bureau  of  Standards  visited 
stations  selected  either  by  the  Office  of  the  Chief  of  Engi- 
neers  or  by  the  Army  headquarters  in  each  area  in  company 
with  an  engineer  from  Army  headquarters.  Station  engineers 
assisted  in  the  actual  inspections. 

4.  SCOPE  OF  THE  INVESTIGATION 

Fifty- six  stations  in  the  six  Army  areas  and  the  Military 
District  of  Washington  were  visited.  Practically  every  type 
of  floor,  floor  covering,  and  method  of  repair  was  observed 
In  the  course  of  the  inspections. 

While  emphasis  was  placed  on  floors  in  mobilization-type 
buildings,  inspections  were  not  confined  to  buildings  of  this 
type,  but  rather,  included  every  category  from  permanent  to 
most  temporary. 
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The  tabulated  lists  of  floors.  Tables  1 to  9 inclusive, 
give  the  stations  visited  and  the  condition  of  floors  in  build' 
ings  of  different  occupancy » It  should  be  understood  that,  in 
most  cases,  numerous  buildings  of  each  type  of  occupancy  were 
inspected  at  every  station* 

Stations  Visited*  Listed  by  Army  Areas 

Military  District  of  Washingtons 

Walter  Reed  Army  Hospital,  District  of  Columbia* 

Fort  Belvoir,  Virginia* 

Fort  Myer,  Virginia* 

First  Army  Areas 

Govenors  Island,  New  York* 

Fort  Jay,  New  York* 

New  York  Port  of  Embarkation,  New  York* 

Belle  Mead  Quartermaster  Depot,  New  Jersey* 

Raritan  Ordnance  Arsenal,  New  Jersey* 

Fort  Monmouth,  New  Jersey* 

Fort  Dix,  New  Jersey* 

Camp  Edwards,  Massachusetts* 

Fort  Devens,  Massachusetts* 

Murphy  Army  Hospital,  Massachusetts* 


Second  Army  Areas 

Fort  George  G*  Meade,  Maryland* 

Aberdeen  Proving  Grounds,  Maryland* 

Valley  Forge  .Army  Hospital,  Pennsylvania* 
Richmond  Quartermaster  Depot,  Virginia* 
Fort  Lee,  Virginia* 

Fort  Eustis,  Virginia* 

Fort  Monroe*  Virginia* 

Fort  Campbell,  Kentucky* 

Fort  Knox,  Kentucky* 


Third  Army  Areas 

Fort  McPherson*  Georgia, 

Atlanta  General  Depot , Georgia, 

Fort  Benning,  Georgia, 

Camp  Gordon,  Georgia, 

Lawson  Air  Force  Base,  Georgia, 

Fort  McClellan,  Alabama, 

Fort  Bragg , North  Carolina, 

Pope  Air  Force  Base,  North  Carolina, 

Fort  Jackson,  South  Carolina, 

Fourth  Army  Areas 

Fort  Sam  Houston,  Texas, 

San  Antonio  Quartermaster  Depot,  Texas, 
Brooke  Army  Hospital,  Texas, 

Camp  Bull! s , Texas, 

Fort  Hood,  Texas, 

Fort  Bliss,  Texas, 

William  Beaumont  Army  Hospital,  Texas. 

Camp  Polk,  Louisiana, 

Camp  LeRoy  Johnson,  Louisiana, 

New  Orleans  Port  of  Embarkation,  Louisiana. 

Fifth  Army  Areas 

Fort  Sheridan,  Illinois, 

Fort  Custer,  Michigan, 

Percy  Jones  Army  Hospital,  Michigan, 

Fort  Leavenworth,  Kansas. 

Fort  Riley,  Kansas. 

St.  Louis  Medical  Depot,  Missouri. 

Camp  Carson,  Colorado. 

Sixth  Army  Areas 

Presidio  of  San  Francisco,  California. 
Letterman  Army  Hospital,  California. 

Oakland  Army  Baseq  California. 

Camp  Stoneman,  California. 

Fort  Mason,  California. 

Fort  Ord,  California. 

Presidio  of  Monterey,  California. 

Camp  Roberts,  California. 


5,  RESULTS  OF  INSPECTIONS 

The  various  Armies  have  used  practically  every  available 
material  to  repair  and  cover  floors.  In  some  cases,  only 
small-scale  experimental  installations  have  been  made;  in 
others,  millions  of  square  feet  of  floors  have  been  covered 
with  the  same  material 0 

In  this  section,  the  condition  of  floors,  as  found  during 
the  survey  period  July  1952  to  February  1953 , in  buildings  of 
different  occupancy,  is  discussed  and  the  materials  that  are 
considered  satisfactory  for  repairing  them  are  listed. 

Materials  that  are  reported  as  satisfactory  have  been  ob- 
served to  render  satisfactory  service  for  at  least  the  periods 
of  time  indicated.  Some  materials  that  have  not  proved  to  be 
satisfactory  are  listed,  (See  Tables  1 to  9?  inclusive,) 

In  cases  where  a material  has  not  been  in  service  long 
enough  under  a particular  condition  of  exposure  to  state 
positively  the  minimum  length  of  service  it  may  be  expected 
to  render,  an  attempt  has  been  made  to  predict,  from  Informa- 
tion available  from  other  sources,  the  service  it  Is  reasonable 
to  expect.  An  example  is  vinyl  plastic  flooring  in  barracks, 
etc.  Some  vinyl  plastic  floorings  exposed  to  heavy  foot 
traffic  have  been  under  observation  for  4 years. 

No  attempt  has  been  made  to  establish  cost  data  for  any 
of  the  materials  or  methods  of  repair. 


5,1  Barracks  (Mobilization-Type,  Excluding 
Latrine  Areas) 

Most  of  these  two-story  buildings  were  floored  originally 
with  25/32-in,,  tongued-and-grooved,  flat-grained  pine,  having 
a 3-i/4-in0  face0  The  flooring  was  laid  over  1-in.  diagonally- 
placed  boards , The  average  age  of  these  floors  was  11  years. 
They  had  been  exposed  to  8 years  of  severe  use  by  troops. 

The  condition  of  these  floors  was  poor,  although  they  were 
still  usable.  Splintered  segments  were  torn  out,  wide  cracks 
appeared  between  strips  and  at  the  end  joints,  and  they  have 
required  between  10  and  15  percent  replacement  of  the  boards 
in  each  barracks  approximately  every  four  years.  The  poor 
condition  of  the  floors  was  generally  attributed  to  the 
unorthodox  methods  of  maintenance  used  by  the  Army;  largely 
excessive  exposure  to  water  (see  Fig,  1). 

Oak  and  edge-grained  pine  gave  15  or  more  years  of  satis- 
factory service  when  properly  maintained  and  not  exposed  to 
excessive  water. 

Magnesium  oxychloride  flooring,  heavy  duty  type,  at 
least  5/8  in,  thick,  using  proper  mixing  and  installation 
methods  with  proper  maintenance,  should  give  12  years  of 
satisfactory  service  (see  Fig,  6), 
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Asphalt  tile.  1/8  or  3/16  in„  thick,  was  not  satisfactory 
when  laid  directly  over  strip-wood  flooring,  i0e„,  without 
a hard  underlayment  board  (see  Fig0  7)° 

Linoleuma  burlap-backed,  1/8  inc  thick,  laid  over  sanded 
strip-wood  and  felt  underlayment,  gave  approximately  8 years 
satisfactory  service  (see  Fig0  11) „ 

Vinyl  plastic  flooring , felt-backed,  with  a wearing  sur- 
face at  least  0„03  in„  thick,  should  be  equal  in  durability 
to  l/8-in«  burlap-backed  linoleum* 

Pitch  composition  flooring a felt-backed,  laid  over  strip- 
wood  without  underlayment  board,  gave  satisfactory  service 
for  approximately  2 to  2=1/2  years  before  replacement  was 
required  (see  Fig»  12 )„  With  underlayment  board,  felt-backed 
pitch  composition  flooring  provided  satisfactory  service  for 
approximately  3 to  3-1/2  years  before  localized  replacement 
was  required,, 

5o2  Mess  Halls  (Mobilization^  Company  & 

Consolidated  Types) 

(a)  Dining  Areas 

The  dining  areas  of  these  buildings  were  floored  origi- 
nally with  the  same  type  of  strip-pine  flooring  used  in  the 
barracks o Most  of  these  floors  had  been  covered  in  each  Army 
area  and  from  these  installations  the  following  conclusions 


were  drawns 
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Wood  floors  were  not  satisfactory  because  of  damage 
from  the  frequent  wet  mopping  required  to  keep  them  in  a 
sanitary  condition. 

Concrete  slabs.  4 in,  or  more  thick,  either  structural 
or  on  grade,  should  provide  15  or  more  years  of  satisfactory 
service,, 

Concrete  flooring a 1-1/2  to  2-1/2  in,  thick,  over  wood 
should  provide  10  or  more  years  of  satisfactory  service  pro- 
vided appreciable  structural  movement  does  not  occur , 

Magnesium  oxychloride  flooring,  heavy  duty  type,  at 
least  5/8  in,  thick,  over  strip-wood,  using  proper  mix  and 
installation  methods,  should  give  10  or  more  years  service 
in  dining-table  areas  and  5 to  6 years  in  the  heavy  trafficked 
areas,  such  as  along  serving  lanes  and  at  street  entrances. 
Asphalt  tileB  1/8  or  3/18  in,  thick,  was  not  satisfac- 
tory when  laid  directly  over  strip-wood  flooring  without  a 
hard  underlayment  board.  It  was  satisfactory  when  laid 
directly  over  a concrete  slab  or  in  conjunction  with  a 
hardboard  underlayment  over  strip-wood  floors. 

Linoleum,  burlap-backed,  1/8  in,  thick,  was  satisfac- 
tory if  a hard  underlayment  board  was  used  over  the  strip- 


wood. 
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Pitch  composition  flooring a felt-backed,  with  under- 
layment  board , over  strip-wood,  provided  only  1 to  2 years 
service  in  the  traffic  areas  and  serving  lanes » 

(b)  Kitchen  Areas 

The  company-type  kitchens  were  floored  originally  with 
strip-pine  flooring . Later  most  of  these  wood  floors  were 
covered  with  regular-mix  concrete  ranging  from  1-1/2  to  2=1/2 
in0  thick  and  reinforced  or  anchored  by  various  methods 0 (See 
Department  of  the  Army  Technical  Manual  TM5=6l5s  Concrete  and 
Masonry o ) 

The  consolidated-type  kitchens  were  floored  originally 
with  concrete  slabs,  four  or  more  inches  thick,  over  wood  or 
on  a fill. 

From  the  service  life  of  the  concrete  and  the  limited 
observations  of  experimental  installations  of  toppings  over 
the  concrete,  the  following  conclusions  were  reaehedg 

Concrete  slabs a in  thicknesses  of  four  or  more  inches, 
over  wood  or  on  a fill,  provided  only  5 to  8 years  of  service 
before  areas  adjacent  to  ranges,  sinks  and  drains  were  eroded 
severely  and  the  aggregate  exposed-,, 
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1-1/2  to  2=1/2  inQ  thick,  over  wood, 


provided  only  5 to  7 years  of  service  before  areas  adjacent 
to  ranges , sinks  and  drains  were  eroded  severely  and.  the 
aggregate  exposedo  Numerous  structural  cracks  also  caused 
damaging  effects  (see  Fig0  2)0 

Concrete  toppings,  integrally-hardened,  1/2  in0  thick, 
over  thoroughly  scarified.,  old  concrete  floors,  may  prove 
to  be  very  satisfactory  if  adequate  bonding  procedures  are 
carried  out  carefully  and  the  toppings  are  cured  thoroughly „ 
Magnesium  oxychloride  floors  over  wood  or  as  a topping 
over  concrete  were  not  satisfactory  in  kitchen  areas  since 
excessive  amounts  of  water  caused  deterioration  in  less  than 
1 year  (see  Figs0  3 and  V)„ 

Asphalt,  tile  floors,,  grease-resistant,  over  concrete 
were  not  satisfactory 0 They  provided  only  6 months  of  service 
before  replacements  were  necessary „ They  are  damaged  readily 
by  impact  and  contact  with  hot  cooking  utensils  and  they  re- 
quire a smooth,  rigid  subfloor „ 

Quarry  tile  floors n with  acid-resistant  mortar  joints 
laid  over  a structural  concrete  slab,  were  the  most  satisfac- 
tory of  all  the  kitchen  floors  observed,,  They  should  give 
more  than  15  years  of  excellent  service  (see  Figo  13)°  The 
floors  were  reported  as  being  very  slippery  when  wet. 
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5°3  Hospitals  (Mobilization-Type) 

Most  hospitals  of  this  type  consist  of  numerous  one-story , 
ward  buildings  connected  by  long,  enclosed  corridors 0 Special 
buildings,  such  as  operating  suites,  laboratories,  mess  halls, 
and  administrative  offices,  are  also  interconnected  in  the 
hospital  area.  These  buildings  and  corridors  were  floored 
originally  with  25/32-in.  flat-grained  pine  over  l=in. 
diagonally-placed  boards . Some  wards  were  floored  with  edge- 
grained pine  or  oak. 

(a)  Corridors 

The  corridors  have  been  subjected  to  constant  foot  and 
cart  traffic o The  floors  were  exposed  occasionally  to  rain 
from  open  windows.  Most  corridors  had  connecting  steam  lines, 
either  suspended  from  the  roof  or  running  directly  under  the 
floor,  which  often  caused  damage  to  the  floor  from  leaks  or 
extreme  heat.  In  1944  and  1945,  many  corridors  were  covered 
with  a thin,  felt-backed  floor  covering  laid  over  1/4— in. 
plywood.  Some  were  covered  without  underlayment . Conclusions 
from  the  observations  of  these  corridors  were  as  follows s 

Plywood  underlayment Q Interior-type,  showed  delaminations 
at  places  exposed  to  puddles  of  water  or  steam  leaks,  which 
resulted  in  premature  damage  to  the  floor  coverings  at  such 
locations  (see  Fig.  8). 
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Wood  floors  were  not  satisfactory  because  of  frequent 
exposure  to  water,  unevenness  of  boards  and  sanitary  re- 
quirements (see  Fig*  Do 

Magnesium  oxchloride  floors  were  not  satisfactory  over 
wood  floors  in  corridors  (see  Fig,  5)° 

Asphalt  tile  and  felt-backed  floor  coverings  were  not 
satisfactory  without  a hard  underlayment  board  (see  Fig0  7)» 

Linoleuma  burlap-backed,  1/8  in*  thick9  laid  over  a hard 
underlayment  board,  should  give  15  to  20  years  service  with 
normal  hospital  maintenance „ 

Pitch  composition  matting,  slip-resistant  type,  provided 
a satisfactory  and  safe  surface  when  used  on  corridor  rampsQ 
Occasional  replacement  was  necessary., 

(b)  Wards 

The  wards,  with  few  exceptions,  have  had  excellent 
maintenance  and  in  many  cases  the  original  wood  floors  were 
still  in  good  condition,  which  leads  to  the  following  con- 
clusions 8 


ance,  were  very  satisfactory. 

Asphalt  tile „ 1/8  in,  thick,  felt-backed  linoleum  and 
1/8  in0  burlap-backed  linoleum  over  a hard  underlayment  board 
provided  very  satisfactory  service  when  they  were  maintained 
properly. 


floors a especially  oak,  with  proper  mainten- 
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(c)  Kitchens  and  Dining  Areas 

Remarks  concerning  mess  hall  floors  apply  equally  to 
floors  in  the  kitchen  and  dining  areas  of  hospitals  (see 
Mess  Halls )0 

(d)  Administrative  Offices 

The  condition  of  the  floors  in  these  buildings  was 
found  to  be  the  same  as  those  in  General  Administration 
Buildings  (see  Administration  Buildings) 0 

5o4  Administration  and  Recreation  Buildings 

In  Administration  and  Recreation  buildings  wear  of  floor- 
ings has  not  been  as  serious  a factor  as  damage  caused  by 
office  furniture 9 game  tables  or  rearrangement  of  space 0 
Based  on  this  type  of  occupancy,  the  following  observations 
were  mades 

Linoleum,,  vinyl  plastic o or  asphalt  tile  floorings Q 
directly  over  suspended  concrete  floors  or  over  hardbcard 
underlayment  on  existing  wood  floors,  provided  long  service 
when  reasonably  protected  against  severe  indenting  loads  or 
abuse o Asphalt  tile  indents  readily  at  elevated  temperatures 
such  as  120° F0  It,  however,  is  one  of  the  few  floor  coverings 
which  can  be  installed  satisfactorily  over  concrete  floors  in 
direct  contact  with  the  ground  without  the  slab  being  thoroughly 
waterproof edo 
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Pitch  composition  type  floorings  were  not  satisfactory 
because  of  their  relatively  low  resistance  to  indentation 
puncturing  and  tearing 0 

5o5  Bakeries 

These  buildings  were  constructed  originally  with  a con- 
crete slab  on.  grade 0 Because  of  dusting  of  the  concrete 9 the 
floors  have  been  covered  with  various  materials,.  From  these 
installations , the  following  conclusions  were  reached? 

Maule  floorings a 25/32  in,  thick,  tongued~and=grooved9 
laid  over  thoroughly  waterproofed,  existing  concrete  floors 9 
were  satisfactory » 


te  toppings a integrally-hardened,  not  less  than 
1/2  in,  thick , thoroughly  bonded  to  existing  concrete  floors, 
were  satisfactory , 

Magnesium  oxychloride  floors n heavy-duty  type,  not  less 
than  5/8  in,  thick,  thoroughly  bonded  to  adequately  water- 
proofed  existing  concrete  floors,  were  satisfactory, 

5o6  Warehouses 

Most  warehouse  floors  were  found  to  be  in  a satisfactory 


condition.  Heavy-duty  mastic  topping  over  existing  concrete 
floors,  as  specified  in  War  Department  Technical  Manual 
TM5-615,  dated  October  .19^6,  rendered  very  satisfactory  service. 
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60  RECOMMENDATIONS 

Recommendations  for  floor  coverings  for  cantonment- 
type  buildings  § 

6»1  Barracks  (Mobilization-Type 9 Excluding 
Latrine  Areas) 

(a)  Resilient  Type 

Burlap-backed,  linoleum,  1/8  in0  thick 5 felt-backed 
vinyl  plastic  flooring  with  a wearing  surface  not  less  than 
0o0,3  in0  thick  $ and  1/8  in0  asphalt  tile0  The  flooring 
materials 9 particularly  asphalt  tile,  should  be  laid  over  a 
hardboard  underlayment  not  less  than  3/16  in0  thicko  The 
hardboard  should  be  nailed  on  6 inQ  centers  in  each  direc- 
tion over  the  entire  area  with  ringed  or  barbed  nails  at 
least  1-3/*+  in°  iongc  Consideration  should  be  given  to 
linoleum  and  vinyl  plastic  floorings  in  tile  form9  particu- 
larly at  entrances  and  heavy-trafficked  areas , to  permit 
economical  and  satisfactory  replacement  at  damaged,  or  worn 
areas o Means  should  be  provided  to  protect  resilient-type 
coverings  against  severe  Indenting  loads  such  as  from  lockers 
and  legs  of  cots  (see  Pig0  1.5) 0 
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(b)  Magnesium  Oxychloride  Cement 

Heavy-duty  type,  at  least  5/8  in„  thick,  as  specified 
by  the  American  Standards  Association  Specification  ASA 
A88o3-1951?  "Heavy  Duty  Oxychloride  Composition  Flooring  and 
Its  Installation" o The  flooring  should  be  installed  in  the 
following  manners 

After  preparation  of  the  subfloor,  a layer  of  15-lb, 
asphalt-saturated  felt,  conforming  to  Federal  Specification 
HH-F-191a,  should  be  laid  over  all  wood  floor  areas  to  be 
coveredo  All  edges  and  joints  of  felt  to  be  lapped  not  less 
than  two  inches  and  tacked  in  a manner  sufficient  to  hold  the 
felt  in  place  until  metal  mesh,  is  placed,  Right-angled  divi- 
ding  strips  of  brass  or  suitable  plastic,  not  less  than  1/16  in, 
thick,  and  of  sufficient  width  to  conform  to  the  thickness  of 
the  flooring,  should  be  nailed  to  the  felt  and  wood  flooring 
at  least  every  three  feet.  The  dividing  strips  should  be 
placed  at  not  more  than  30-ft„  intervals  and  at  inside 
entrances  to  hallways  and  rooms „ Over  the  felt  and  butted 
tight  to  the  dividing  strips,  an  anchoring  medium  consisting 
of  205  lb,  small,  diamond-mesh,  painted,  expanded  metal  lath, 
conforming  to  Federal  Specification  QQ-B-1016,  should  be  laid 
with  joints  lapped  at  least  1/2  in0  The  lath  should  be  nailed 
with  l=l/2-in„ , large  head,  galvanized,  roofing  nails,  except 
over  joists,  where  nails  should  be  of  sufficient  length  to 


\ 
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extend  not  less  than  1-1/2  In0  into  the  floor  joists 0 Lath 
should  be  nailed  on  6-ineh.  centers  in  two  directions  and 
driven  tight  enough  to  secure  the  lath  to  wood  floor 9 but 
not  hard  enough  to  force  the  lath  into  or  puncture  the  felto 

The  magnesium  oxychloride  cement 9 as  specified  in  the 
American  Standards  Association  Specification  should  be 
worked  into  the  lath  and  finished  with  experienced  WGrkmen0 

Consideration  should  be  given  to  the  feasibility  of 
installing  a high  wear  “.resistant  oxychloride  composition  in 
hallways  leading  to  stairs 9 latrine  and  street  entrances » 

(c)  Wood  Type 

Replacement  of  the  top  tongued-and-grooved  flat-grained 
pine  with  25/32~in0  tongued-and-grooved  oak  or  maple  in 
heavily-trafficked  areas 9 or  with  edge-grained  pine  or  edge- 
grained  fir  where  less  wear  resistance  is  required » The 
existing  l=ina  subfloor  should  be  carefully  examined  for 
loose  boards  and/or  defective  places  before  placing  of 
building  paper  and  new  fop  flooring » The  finished  flooring 
should  be  sanded  and  sealed  with  two  coats  of  a penetrating 
sealer o Caution  should  be  taken  to  prevent  excessive  water 
from  coming  in  contact  with  wood  flooring 0 
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602  Mess  Halls  (Mobilization;  Company  & 

Consolidated  Types) 

(a)  Dining  Areas 

A concrete  topping , not  less  than  1-1/2  in0  thick, 
over  existing  wood  floor s0  The  topping  should  be  reinforced 
with  b=  X 4~in0 , No*  10  gage,  wire  mesh  suspended  in  the 
center  of  the  slab  and  laid  over  55"l"b»  asphalt-prepared 
roll  roofing,  lapped  b inches , and  sealed  a*t  all  edges  and 
joints  with  asphalt  adhesive „ Additional  reinforcement  with 
20-d  nails  driven  along  all  joists  on  12=in0  centers  is 
recommended o The  nails  should  be  allowed  to  protrude  one 
inch  above  the  surface  of  the  wood  floor » The  following 
references  are  given  as  sources  of  information  on  materials, 
placing,  finishing,  and  curing  of  concretes  Department  of 
the  Army  Technical  Manual  TM5~6l59  "Concrete  and  Masonry"; 
and  "Concrete  Floor  Finishes",  Portland  Cement  Association, 

33  West  Grand  Avenue,  Chicago,  Illinois „ 

Vinyl  plastic  tile,  semi-flexible  and  flexible,  1/8  in0 
thick,  as  specified  in  Interim  Federal  Specification  L-T-751, 
dated  1.8  March,  1952 • The  tile  should  be  placed  over  hard- 
board  under layment  not  less  than  3/16  inc  thick,  which  should 
be  securely  nailed  on  6-in0  centers,  in  two  directions,  with 
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ringed  or  barbed  nails  at  least  1=3/4  inc  long  to  the 
existing  strip-wood  floor,,  A water-resistant  adhesive,, 
recommended  by  the  manufacturer  of  the  flooring  material 9 
should  be  used  in  areas  likely  to  be  subjected  to  spillage 
of  water 9 such  as  along  serving  lanes 0 

Felt-backed  vinyl  plastic  flooring  with  a wearing  sur- 
face not  less  than  Q0Q3  in„  thicko  The  flooring  should  be 
placed  over  hardboard  underlayment  over  existing  wood  floor o 
Flexible-type  vinyl  floorings  are  not  recommended  for 
concrete  floors  in  direct  contact  with  the  ground,.  Semi- 
flexible  vinyl  or  asphalt  tiles  are  recommended  for  such 
locations,, 

(b)  Kitchen  Areas 

Slip-resistant 9 abrasive-type 9 quarry  tile  with  acid- 
resistant  mortar  joints „ The  tile  should  be  applied,  only 
over  a s t r u e t ur ally = s ound  concrete  slab  and  in  continuously- 
used  kitchens 9 such  as  in  a permanent-type  mess  hallo 

Integrally-hardened  concrete  toppings  not  less  than 
1/2  in0  thick 9 or  cement-latex  toppings  not  less  than  1/4-  inQ 
thicko  The  toppings  should  be  placed  over  thoroughly  scari- 
fied and  cleaned  existing  concrete  floors..  Both  of  these 
types  of  toppings  show  promise  of  being  satisfactory » However 
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due  to  lack  of  information  their  use  on  an  extensive 
basis  is  not  recommended  at  this  time0  Additional 
studies  being  made  of  these  materials  will  be  covered 
in  a supplemental  report „ 

Existing  magnesium  oxychloride  floors  should  be 
patched  and  a penetrating  sealer  applied  over  the  entire 
floor  to  extend  the  service  life  as  long  as  possible  before 
removal,,  The  sealer  should  be  applied  periodically  depend- 
ing upon  the  condition  of  the  floors  but  in  no  case  should 
the  period  between  applications  exceed  6 months 0 

603  Administration  and  Recreation  Buildings 

(Including  Offices ? Day  Rooms , and  Club  Rooms) 

Suspended  concrete  floors  and  strip-wood  floors  in 
unsatisfactory  condition  should  be  covered  with  one  of  the 
floorings  recommended  for  barracks 0 Recommended  installa- 
tion methods  also  apply » Rough  concrete  surfaces  should  be 
made  even  with  a troweled~on3  latex-type  underlayment  before 
installing  resilient-type  floor  coverings 0 

Concrete  floors 9 on-  or  below~grade?  in  need  of  repair 9 
should  be  leveled  with  a troweled-on  underlayment  and  covered 
with  1/8  in0  asphalt  tile  or  semi -flexible  vinyl  plastic 
tile  using  a cut-back  type  asphalt  adhesive  (see  Fig„  9)« 
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Means  should  he  provided  to  protect  resilient-type 
coverings 9 especially  asphalt  tile9  against  severe  indenting 
loads  from  legs  of  desks 9 tables , chairs 9 and  filing  cabi- 
nets,, Small-sized  casters  and  glides  on  all  movable  furni- 
ture and  equipment  should  be  replaced  with  ample-sized 
fittings o Heavy  equipment  should  be  placed  on  protective 
blocks  or  cupsQ 

In  view  of  the  likelihood  of  localized  areas  being 
damaged  by  severe  indenting  loads  and  the  rearrangement  of 
equipment  and  space 9 the  use  of  resilient-type  floor  cover- 
ings in  tile  form,  is  particularly  recommended  for  adminis- 
tration and  recreational  buildings 9 to  accommodate  economi- 
cal and  satisfactory  replacement  at  damaged  areas  (see  Fig0 

10  )o 

6,,*+  Hospitals  (Mobilization-Type) 

(a)  Corridors 

Burlap-backed  linoleum^  1/8  in„  thick 9 or  felt-backed 
vinyl  plastic  flooring  with  a wearing  surface  not  less  than 
0o03  in.o  thick,.  These  floorings  should  be  laid  over  a hard- 
board  underlayment  not  less  than  3/16  inQ  thick » The  hard- 
board  should  be  nailed  on  6-in0  centers  in  both  directions 
over  the  entire  area  with,  ringed  or  barbed  nails  at  least 
1-3/1*-  inQ  longo 
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(b)  Wards 

In  general,  the  floors  in  the  wards  were  found  to 
be  in  good  condition  and  should  render  many  more  years 
of  service  under  the  present  type  of  maintenance 0 In 
the  few  exceptions  where  the  floors  may  be  in  a condi- 
tion which  warrants  covering,  the  recommendations  given 
for  barracks  should  be  foil owed , Recommendations  for 
the  dining  areas  in  mess  halls  should  serve  as  a guide 
for  diet  kitchens » 

(c)  Kitchen  and  Dining  Areas 

Recommendations  for  mess  halls  should  be  followed 
for  both  kitchen  and  dining  areas  of  hospitals  (see  Mess 
Halls), 

(d)  Administrative  Offices 

Recommendations  as  given  for  administration  and 
recreation  buildings  should  be  followed, 

7o  COMMENTS  ON  THE  CARE  OF  FLOORS 

The  importance  of  the  proper  care  and  adequate  main- 
tenance of  floors,  in  order  to  prolong  their  life,  render 
satisfactory  service,  and  present  a pleasing  appearance, 
can  hardly  be  overemphasized.  In  the  course  of  the  survey, 
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it  was  noted  that  training  courses  on  floor  maintenance 
were  instituted  in  a few  Army  Areas 0 It  was  also  observed 
that 9 in  general  the  floors  in  these  Army  Areas  were  in. 
relatively  good  condition0 

Probably  the  most  damaging  treatment  of  floors  is  an 
excessive  exposure  to  water 0 Practically  all  floors  are 
harmed  by  such,  treatment  9 particularly  wood  floor sQ  Con=> 
tinued  wetting  of  wood  floors  causes  the  grain,  of  the  wood 
to  raise 3 the  strips  to  expand  and  buckle 9 and  eventually 
result  in  a splintered  and  split  flooring  with  open  seams 
and  end  joints „ 

Resilient-type  .floor  coverings  are  doubly  harmed  by 
excessive  exposure  to  water 0 Even  though  the  floor  covering 
itself  may  be  fairly  resistant  to  water 9 failure  in  bond  to 
an  underlayment  or  to  the  subfloor  is  most  likely  to  result 0 
With  a wood  subfloor 9 additional  damage  to  the  floor  covering 
occurs  due  to  expansion  and  buckling  of  the  flooring 9 or  if 
a plywood  underlay  is  involved 9 to  the  delamination  of  the 
plywood o 

When  wood,  and  resilient=type  floors  need,  to  be  mopped 
in  order  to  cleanse  the  floor  surface 9 the  least  amount  of 
water  necessary  to  do  the  job  should  be  usedo  Excess  water 
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should  be  wrung  from  the  mop  Into  a pail  and  not  spilled 
onto  the  floor  surface0  When  detergent  solutions  are  used, 
the  floors  should  be  rinsed  with  clear  waterG  (See  Depart- 
ment of  the  Army  Technical  Manual  TM5-609,  Custodial  Ser- 
vices )0  Paste,  spirit,  and  water  emulsion  waxes  are  suit- 
able as  a protective  surface  coating  for  wood,  linoleum, 
and  vinyl  plastic  floor  coverings  * Solvent-type  or  spirit 
waxes  should  never  be  used  on  asphalt  tile  as  the  turpentine 
or  mineral  spirits  used  in  such  waxes  will  soften  or  dissolve 
the  tile,  causing  the  colors  to  bleedo  Use  only  water  emul- 
sion wax. 

In  general,  water  emulsion  waxes  are  less  slippery  than 
paste  and  spirit  waxes „ The  addition  of  colloidal  silica  to 
water  emulsion  waxes  improves  their  slip  resistance „ The 
colloidal  silica  should  be  added  during  the  manufacturing 
process o 

Magnesium  oxychloride  floors  which  are  porous  should  be 
sealed  with  a penetrating  sealer  of  low  viscosity,.  Spirit  or 
water  emulsion  waxes  are  suitable  as  protective  coatings » If 
colored  waxes  are  desired,  the  coloring  should  be  done  only  by 
experienced  persons,  or  waxes  already  pigmented  should  be 
purchasedo 
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While  magnesium  oxychloride  floors  are  damaged  to  a 
considerable  extent  by  continuous  exposure  to  water 9 such 
as  occurs  around  kitchen,  sinks 9 they  will  withstand  inter- 
mittent exposure  to  water , such  as  from  occasional  spillage 
and  wet  mopping „ 

Repeated  exposure  to  strong  alkaline  solutions  or 
caustic  preparations  is  harmful  to  most  floors  and  will 
result  in  early  deterioratio.no  The  service  life  of  linoleum^ 
in  particular 9 is  materially  reduced  by  the  frequent  use  of 
alkaline  cleaning  solutions „ 
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TABLE  1.  WOOD  FLOORING  (25/32-IN.  NOMINAL  THICKNESS)  CONTINUED 
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NUMBERS  REFER  TO  ARMY  AREAS.  aMILITARY  DISTRICT  OF  WASHINGTON.  °TEMP QRARY-TYPE . ^PERMANENT -TYPE 

dTW0-  BY  FOUR-INCH  SLEEPERS  EMBEDDED  IN  WATER-PROOFED  CONCRETE  ON  GRADE. 
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BROOKE  , SERVICE  ON  GRADE,  6 8 VERY  GOOD  INTEGRAL-COLORED  TOPPING, 

ARMY  HOSPITAL4  CLUB  TILE  DRAIN  1/4- IN.  THICK,  TREATED  WITH 

SEALER.  EXCELLENT 
COLOR  AND  FINISH. 
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table  k.  magnesium  oxychloride  (1/2-5/8  in.  nominal  thickness)  continued 
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Figure  1.  Typical  mobilization-type 

barracks  floor  with  25/32-in.,  tongued- 
and-grooved,  flat-grained  pine  having 
a 3 lA-in.  face.  The  flooring  was 
laid  over  1-in. , diagonally-placed 
boards.  Note  splintered  segments  torn 
out,  and  wide  cracks  between  strips 
and  end  joints. 
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Figure  3.  Magnesium  oxychloride  floor,  two  years  old, 
over  concrete  in  kitchen.  Note  disintegration  caused 
by  water  from  dishwasher. 
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Figure  5.  Magnesium  oxychloride  floor,  one  year  old,  in 
hospital  corridor.  Note  numerous  cracks  running  across 
corridor,  apparently  caused  by  structural  movement  of 
wood  subfloor. 


M 0)  X3 

0 0,-P 
■H  >>-H 
•C  -P  > 
-P  I 

£3  <D 

» o o 

£3  -H  C 
•H  +->  Co 

1 o;  -a 

CO  N h 

\-H  o 

V-\H  O 


•vQ 
Ph  O 


a c 


w 

cO 

£ 

£3 

O 


cti 

O 
£3  X) 

<D-H  (fl 

xs  a 

•H  T3 

f*  o 

O O 

5* 

O fn 
>>d)  _ 

X > -H 

O O -P 

cfl  • 
3 «H  T3 
3HH  O 
•H  CO  Ctf  xl 
W rH  -P  -P 
a>  v)  <d 
£3  *>£3  a 
tcO'O  M 
cCH  XS 
SO  0) 

• T3 
(h  W £3 
CCJ  3sj  <D 

CD  O a 
>»  nj  a 
Ph  o 

a>  Ph  o 
„£3  rt  a> 
tu  O P-. 

•H 


sO 

<D 

Ph 

3 


Figure  7.  Asphalt  tile,  1/8-in.  thick,  four  years  old, 
laid  over  a strip-pine  floor  with  a 15-18.  asphalt- 
saturated  felt  underlayment  in  a mobilization-type 
barracks.  Note  deterioration  of  tiles  and  numerous 
cracks  running  parallel  to  tongued-and-grooved,  strip 
pine  flooring. 
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Figure  6.  Asphalt  tile,  five  years  old,  laid  over  1/4-in. 
plywood  adjacent  to  drinking  fountain.  Spillage  of 
water  has  caused  delamination  of  plywood  and  subsequent 
failure  of  asphalt  tile. 
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Figure  10,  Linoleum,  inlaid,  sheet  form,  i/8-in. , 

fourteen  years  old,  laid  in  large  administration  build- 
ing. Note  failure  at  seams  and  patching. 
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Figure  14.  Foot  locker  stands  and  bed  post  blocks  used 
to  protect  resilient-type  coverings  against  severe 
indenting  loads. 
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